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S THE PREVALENCE OF OBE-

sity increases in the United

States,"? concern about the
association of body weight

with excess mortality has also in-
creased. However, estimating deaths at-
tributable to overweight and obesity in
the US population raises complex meth-
odologic issues.** In several previous
studies,”” relative risk estimates from
epidemiologic cohort studies were com-
bined with estimates of the prevalence
of overweight and obesity from na-
tional surveys to calculate the fraction
of deaths attributable to overweight and
obesity. It is important to adjust rela-
tive risk estimates for confounding fac-
tors such as age and smoking that are
associated with obesity and mortal-
ity.%° When relative risks are adjusted
for confounding factors, the use of
properly adjusted estimators of attrib-
utable risk is necessary to avoid bias.®’
Previous estimates™” of deaths asso-
ciated with obesity in the United States
used adjusted relative risks in an attrib-
utable fraction formula appropriate only
for unadjusted relative risks and thus
only partially adjusted for confound-
ing factors, did not account for varia-
tion by age in the relation of body weight
to mortality, and did not include mea-
sures of uncertainty in the form of SEs
or confidence intervals (Cls). Previ-
ous estimates used data from a variety
of studies to estimate relative risks, but

See also pp 1868 and 1918.
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Context As the prevalence of obesity increases in the United States, concern over
the association of body weight with excess mortality has also increased.

Objective To estimate deaths associated with underweight (body mass index [BMI]
<18.5), overweight (BMI 25 to <30), and obesity (BMI =30) in the United States in
2000.

Design, Setting, and Participants We estimated relative risks of mortality asso-
ciated with different levels of BMI (calculated as weight in kilograms divided by the
square of height in meters) from the nationally representative National Health and Nu-
trition Examination Survey (NHANES) | (1971-1975) and NHANES [ (1976-1980), with
follow-up through 1992, and from NHANES Il (1988-1994), with follow-up through
2000. These relative risks were applied to the distribution of BMI and other covariates
from NHANES 1999-2002 to estimate attributable fractions and number of excess deaths,
adjusted for confounding factors and for effect modification by age.

Main Outcome Measures Number of excess deaths in 2000 associated with given
BMI levels.

Results Relative to the normal weight category (BMI 18.5 to <25), obesity (BMI
=30) was associated with 111 909 excess deaths (95% confidence interval [CI], 53 754-
170064) and underweight with 33 746 excess deaths (95% Cl, 15 726-51 766). Over-
weight was not associated with excess mortality (-86 094 deaths; 95% CI, —161223
to —10966). The relative risks of mortality associated with obesity were lower in NHANES
Il and NHANES Il than in NHANES I.

Conclusions Underweight and obesity, particularly higher levels of obesity, were
associated with increased mortality relative to the normal weight category. The im-
pact of obesity on mortality may have decreased over time, perhaps because of im-
provements in public health and medical care. These findings are consistent with the
increases in life expectancy in the United States and the declining mortality rates from
ischemic heart disease.
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the studies had some limitations. Four
of 6 included only older data (2 stud-
ies ended follow-up in the 1970s and 2
in the 1980s), 3 had only self-reported
weightand height, 3 had data only from
small geographic areas, and 1 study
included only women. Only 1 data set,
the National Health and Nutrition
Examination Survey (NHANES) I, was
nationally representative.

The objective of this study was to es-
timate deaths associated with under-
weight, overweight, and obesity in the
United States in 2000 by using all avail-
able mortality data from the NHANES

and to offer an assessment of the un-
certainty of those estimates.

We used a different approach from
that used previously. Our method was
derived from the methods used with the
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Gail model'®" for predicting breast can-
cer risk. This method allows us to ac-
count for confounding and effect modi-
fication, and we provide SEs for the
estimates. We also use only data from
nationally representative samples with
measured heights and weights. We use
this approach to make estimates of ex-
cess deaths associated with different lev-
els of body weight in the United States
in 2000.

METHODS

All data in this report come from the se-
ries of NHANES surveys conducted by
the National Center for Health Statis-
tics. In each survey, a different nation-
ally representative cross-sectional sample
of the US population was interviewed
and examined. To estimate relative risks,
we used baseline data from NHANES 1
(1971-1975), NHANES II (1976-
1980), NHANES TIII (1988-1994), and
the subsequent mortality data through
1992 for NHANES I and NHANES I and
through 2000 for NHANES II1.1**® Data
from NHANES 1999-2002 were used to
estimate the current distribution of body
mass index (BMI) and other covari-
ates. In each survey, height and weight
were measured with standardized pro-
cedures. Body mass index was calcu-
lated as weight in kilograms divided by
the square of height in meters.

We calculated relative risks (hazard
ratios) using Cox proportional hazard
models with age as the time scale.' Be-
cause the proportional hazards assump-
tion was not met across age, for each
survey we divided the data into 3 age
strata: 25 to younger than 60 years, 60
to younger than 70 years, and 70 years
or older and fit models separately within
each age stratum. According to fed-
eral guidelines,” a normal weight for
adults is defined as a BMI from 18.5 to
less than 25, overweight as a BMI 25 to
less than 30, and obesity as a BMI of 30
or greater, divided into grade 1 (BMI
30 to <35), grade 2 (35 to <40) and
grade 3 (BMI 40 or greater) obesity. For
analysis, we grouped BMI as follows:
less than 18.5, 18.5 to less than 25 (ref-
erence category), 25 to less than 30, 30
to less than 35, and 35 or greater. In this
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report, we use the term underweight for
BMI less than 18.5. The final model in-
cluded BMI categories, sex (male, fe-
male), smoking status (never, former,
current), race (white, black, other), and
alcohol consumption categories (0,
<0.07, 0.07 to <0.35, =0.35 oz/d).
Race and ethnicity were assessed by in-
terviewer observation or self-report in
NHANES I and II and by self-report in
NHANES III and NHANES 1999-
2002. For NHANES 1999-2002, no
separate race variable was available, and
for analytic purposes non-Hispanic
whites, Mexican Americans, and other
Hispanics were grouped together as
“white,” non-Hispanic blacks were con-
sidered “black,” and all others, includ-
ing multiracial participants, were
grouped as “other.”

To calculate the proportion of deaths
in 2000 attributable to each BMI level,
we first calculated the relative risks
from the NHANES I, NHANES II, and
NHANES I mortality studies and from
a data set that combined data from all
3 surveys. Estimates were made from
the combined data to obtain more pre-
cision and to represent the US popula-
tion during the 20-year period cov-
ered by these surveys. We then applied
each set of relative risks in turn to the
current distribution of the covariates
(BMI group, sex, smoking status, race,
and alcohol consumption) in the gen-
eral population, which was estimated
from the NHANES 1999-2002 cross-
sectional survey data.

Within each survey and age group,
we calculated the relative risk r; corre-
sponding to each combination, i, of BMI
level and the levels of the other covar-
iates. From the NHANES 1999-2002
cross-sectional survey data, we esti-
mated the corresponding prevalence of
the risk-factor combination, p;. The
mortality rate for a given age group is
R=IZrp, where I is the population base-
line mortality rate and the sum is over
all risk-factor combinations. We cal-
culated r;* as the “counterfactual” rela-
tive risk in which the BMI level is set
to the reference level but all other risk
factors for each participant are left un-
changed. The hypothetical counterfac-

tual mortality rate from moving all par-
ticipants to the reference-weight
category is R*=I2r*p,. The propor-
tion of deaths attributable to non-
reference-weight categories was calcu-
lated as (R-R*)/R . Because the factor I
cancels out, the attributable fraction de-
pends only on the relative risks and
prevalences of the covariates. R and R*
were adjusted to represent the general
population parameters by taking the
sample weighting into account. This ap-
proach accounts for confounding by all
covariates in the model.

The estimated number of excess
deaths associated with a given BMI level
and age group was then calculated by
multiplying the total number of deaths
for that age group in 2000 by the attrib-
utable fraction for that BMI level. In
2000, there were 397 341 deaths in the
25- to 59-year-old group, 315 834 deaths
in the 60- to 69-year-old group, and
1618086 deaths in the 70 years and
older group.* Standard errors for esti-
mates of number of attributable deaths
were calculated by applying a delta
method for complex sample de-
signs.”»* This method takes into ac-
count uncertainties in the relative risks,
the distribution of BMI, the distribu-
tion of covariates, and the estimated ef-
fects of covariates and accounts for the
added variability caused by the com-
plex sample designs of the NHANES sur-
veys. Two-sided 95% Cls were com-
puted according to normal theory
approximation.

Data were analyzed using the SAS
System for Windows (release 9.1; SAS
Institute Inc, Cary, NC) and SUDAAN
(release 9.0; Research Triangle Insti-
tute, Research Triangle Park, NC) soft-
ware programs. All analyses included
sample weights that account for the un-
equal probabilities of selection be-
cause of oversampling and nonre-
sponse. All variance calculations
incorporate the sample weights and ac-
count for the complex sample design.
We replicated the main analyses with
2 separate SAS programs written inde-
pendently by 2 of us (K.M.F., B.1.G.).
Variance calculations were checked us-
ing jackknife resampling.
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RESULTS

Descriptive data for the 3 survey co-
horts are shown in TABLE 1. The num-
bers of deaths in the 3 cohorts were
3923, 2133, and 2793, for a total of
8849 deaths. Estimated relative risks are
shown in FIGURE 1 by BMI category, age
group, and survey, and relative risks
from the combined data set and their
SEs are shown in TABLE 2. Obesity (BMI
=30) was associated with increased
risk, particularly at the younger ages;
the relative risks were lower in the old-
est group. The relative risk in the over-
weight category (BMI 25 to <30) was
low, often below 1. Relative risks in the
underweight category usually ex-
ceeded unity (1.00). Relative risks were
generally modest, in the range of 1 to
2 in most cases. The prevalence of BMI
levels in NHANES 1999-2002 is shown
in TABLE 3.

Estimated numbers of excess deaths
in 2000 in the United States, relative to
the reference BMI category of 18.5 to
less than 25, are shown by survey and
BMI category (FIGURE 2). All esti-
mates are based on the covariate dis-
tribution from NHANES 1999-2002
and the number of deaths in 2000 from
US vital statistics data.”!

Estimates based on relative risks from
each of the 3 surveys showed a similar
pattern, with excess deaths greater than
zero for the underweight category, less
than zero for the overweight category,

EXCESS DEATHS ASSOCIATED WITH WEIGHT

and increasing at higher BMI levels. Al-
though the prevalence of BMI 35 or
greater is low (Table 3), that category
accounted for the largest absolute num-
ber of estimated excess deaths in 2000,
regardless of which survey served as the
source of relative risks.

The estimates of excess deaths asso-
ciated with obesity (BMI =30) were cal-
culated from the distribution of BMI
and other covariates in NHANES 1999-
2002; however, these estimates vary ac-
cording to the source of the relative risk
estimates. Excess deaths associated with
obesity (BMI =30) were calculated as
298808 according to the NHANES I
relative risks, 26917 according to the
NHANES II relative risks, or 43 650
according to the NHANES III relative
risks. In all 3 cases, however, the ma-

jority of deaths associated with obe-
sity were associated with BMI 35 and
above: 186498, 21777, or 57515
deaths, respectively. (NHANES Il rela-
tive risks produced a negative esti-
mate for BMI 30 to <35.) For over-
weight (BMI 25 to <30), the data
consistently suggested no excess deaths
overall: -14 354, -171 945, or -99 979
excess deaths according to the relative
risks from each of the 3 surveys. For un-
derweight (BMI <18.5), the relative
risks from all surveys suggested a slight
increase in risk. The estimated excess
deaths associated with underweight
were 41 930, 19 618, or 38456.

Using relative risks from the com-
bined survey data, we estimated that
111 909 excess deaths in 2000 (95% CI,
53 754 to 170 064) were associated with

Table 1. Surveys Providing Mortality Data

NHANES | NHANES Il NHANES Il

Survey baseline years 1971-1975 1976-1980 1988-1994
Unweighted sample size* 12655 9219 14985
Mortality follow-up through study year 1992 1992 2000

Deaths, No. 3923 2133 2793
Person-years of follow-up 210563 122772 124245
Prevalence of BMI level, %

<18.5 3.0 2.5 2.2

18.5t0 <25 46.9 45.7 40.7

25to <30 34.1 35.1 33.8

30to <35 11.6 11.6 15.0

=35 4.4 5.1 8.3

Abbreviations: BMI, body mass index (measured as weight in kilograms divided by the square of height in meters);
NHANES, National Health and Nutrition Examination Survey.

*After exclusions for missing BMI data.
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Figure 1. Relative Risks of Mortality by BMI Category, Survey, and Age
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obesity (BMI =30) (Figure 2). Of the
excess deaths associated with obesity,
the majority (82066 deaths; 95% CI,
44843 to 119289) occurred in indi-

viduals with BMI 35 or greater. Over-
weight was associated with a slight re-
duction in mortality (-86 094 deaths;
95% CI, -161 223 to -10 966) relative

-]
Table 2. Relative Risks by Age Group and BMI Level From the Combined NHANES I, II, and

11l Data Set
Relative Risk (95% Confidence Interval) by Age Category
BMI Level 25-59y 60-69 y =70y I
Overall
<18.5 1.38(0.82-2.32) 2.30(1.70-3.13) 1.69 (1.38-2.07)
18.51t0 <25 1.00 1.00 1.00
250 <30 0.83 (0.65-1.06) 0.95 (0.80-1.13) 0.91 (0.83-1.01)
30 to <35 1.20 (0.84-1.72) 1.13(0.89-1.42) 1.03 (0.91-1.17)
=35 1.83(1.27-2.62) 1.63 (1.16-2.30) 1.17 (0.94-1.47)
Never-Smokers Only

<18.5 1.25 (0.29-5.49) 2.97 (1.17-7.54) 1.50 (1.11-2.02)
18.51t0 <25 1.00 1.00 1.00
25to <30 0.66 (0.38-1.16) 0.81 (0.56-1.16) 0.90 (0.79-1.04)
30 to <35 0.77 (0.46-1.28) 1.21(0.83-1.77) 1.13(0.96-1.31)
=35 1.25(0.76-2.06) 2.30(1.47-3.59) 1.12(0.87-1.45)

to the normal weight category. Thus,
for overweight and obesity combined
(BMI =25), our estimate was 25 814
excess deaths (95% CI, -86 284 to
137 913) in 2000, arrived at by adding
the estimate for obesity to the esti-
mate for overweight. Underweight was
associated with 33 746 excess deaths
(95% CI, 15 726-51 766).

Of the 111909 estimated excess
deaths associated with obesity (BMI
=30), the majority, 84 145 excess
deaths, occurred in individuals younger
than 70 years. In contrast, of the 33 746
estimated excess deaths associated with
underweight, the majority, 26 666 ex-
cess deaths, occurred in individuals
aged 70 years and older.

We explored the effect of using dif-
ferent models with additional terms and
interaction terms. Models with only sex,
BMI, and smoking were fitted, as were

Abbreviations: BMI, body mass index (measured as weight in kilograms divided by the square of height in meters);
NHANES, National Health and Nutrition Examination Survey.

models that used, in addition, race, al-
cohol, educational level, and height, as
well as interactions of BMI group with
sex, race, or smoking. Although some

of these terms had coefficients that were

]
Table 3. Prevalence of BMI Levels in 1999-2002 (From NHANES 1999-2002), by Age Group

Prevalence, % by Age Category

[ 1
25-59y =70y

BMI Level 60-69 .. . .

eve y statistically significantly different from
=185 1.9 07 24 zero within 1 or more subgroups, the
18510 =25 92.8 238 1.8 effect on the parameter ofiiterezt’(ex
25 to <30 34.8 36.1 405 P

cess deaths) was not large, and the

30 to <35 17.3 23.6 17.7 b d f lts did h
~35 55 8 -6 road pattern of results did not change.

The highest number of deaths associ-
ated with BMI 30 or greater was 137 696

Abbreviations: BMI, body mass index (measured as weight in kilograms divided by the square of height in meters);
NHANES, National Health and Nutrition Examination Survey.

|
Figure 2. Estimated Numbers of Excess Deaths in 2000 in the United States Relative to the Healthy Reference BMI Category of 18.5 to <25,
Shown by Survey and BMI Category
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for the simplest model, which in-
cluded only sex, BMI, and smoking; the
lowest number was 79 449 for a more
complex model that included all listed
variables and an interaction of smok-
ing with BMI group.

We chose to use the NHLBI “nor-
mal weight” category of 18.5 to less than
25 as the reference category. The effect
of using other reference BMI catego-
ries was also explored. Across the ref-
erence categories 18.5 to less than 25,
21 to less than 25, and 23 to less than
25, the estimated number of excess
deaths associated with BMI 30 or greater
was 111909, 129 148, and 164 836, re-
spectively, and the number of excess
deaths associated with a BMI less than
the reference category was 33 746,
45 784, and 81 705. Thus, using a ref-
erence category of 23 to less than 25
rather than the normal weight cat-
egory would result in increased esti-
mates of excess deaths for low weight
and for obesity.

We undertook additional analyses to
examine whether our estimates of ex-
cess deaths might have been affected by
factors such as length of follow-up,
weight stability, weight loss caused by
illness, or smoking status. The pur-
pose of these analyses was not to make
statistical comparisons between rela-
tive risks but to assess the direction and
possible magnitude of any effects of
these factors on estimated excess deaths.
To examine whether the higher rela-
tive risks in NHANES I might be due
to the longer follow-up in NHANES I,
we compared the relative risks from the
first phase of NHANES I through the
1982-1984 follow-up with the relative
risks from NHANES II and III. Thus,
the follow-up period was similar for all
surveys (=10 years for NHANES I,~14
years for NHANES II,=9 years for
NHANES III). The NHANES I relative
risks over the first 10 years of fol-
low-up were higher in almost every
BMI-age subgroup than were the rela-
tive risks from the other surveys (data
not shown). Thus, even after control-
ling for length of follow-up, NHANES
I tended to have higher relative risks
than the other surveys.

©2005 American Medical Association. All rights reserved.
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In NHANES 1, the relative risks
through 1992 associated with weights
measured in the 1982-1984 follow-up
were almost always lower (in 14 of 15
subgroups) than the relative risks from
1971-1975 through the 1982-1984
follow-up, suggesting a possible de-
crease in relative risks over time, al-
though the differences were small (data
not shown). To examine whether the
increased relative risks at lower BMI lev-
els might be related to possible weight
loss associated with illness and in-
creased mortality, which could also
have decreased the relative risks asso-
ciated with overweight and obesity, we
repeated analyses excluding the first 3
or the first 5 years of deaths and found
little change in the relative risk esti-
mates (data not shown). We also re-
peated analyses including only indi-
viduals who never smoked and found
that the elevated relative risks for the
lowest BMI category persisted and that
other relative risks were not systemati-
cally different (Table 2).

To assess the longer-term effects of
a given weight, excluding possible ef-
fects of major weight gains or losses, we
repeated the NHANES I analyses for a
subgroup of participants whose weight
had not changed by more than 2 kg be-
tween baseline (1971-1975) and 1982-
1984, looking at mortality from the
1982-1984 follow-up through 1992. In
these analyses, the relative risks did not
differ systematically from the whole
group (6 higher and 6 lower) and dif-
ferences were slight (data not shown).
Overweight (BMI 25 to <30) that had
persisted for at least 10 years was still
associated with no excess risk, and
underweight was still associated with
an increased relative risk. Taken to-
gether, these analyses suggest that dif-
ferences in length of follow-up, weight
loss because of underlying illness, or
confounding by smoking status did not
have a major impact on our estimates
of excess deaths.

COMMENT

Our results show increased mortality
associated with underweight and with
obesity, particularly with higher levels

of obesity, relative to the normal weight
category. Our results are lower than pre-
vious estimates.>’ Differences in sta-
tistical methods account for some of the
differences. Our method of estimation
accounts more fully for confounding
and for effect modification by age than
the partially adjusted method used in
previous estimates. When applied either
to NHANES I data or to the combined
data set, our method yielded results that
were more than 20% lower than when
the partially adjusted method was
applied to the same data with the same
reference category and the same covar-
iates. However, the largest difference is
due to the inclusion of the mortality data
from NHANES II and NHANES 111,
which decreased estimates by 63% or
more relative to NHANES I mortality
data alone. It would be useful to know
whether similar secular patterns are
detectable in other cohorts that span
recent decades.

Relative to NHANES I, the more re-
cent data from NHANES II and
NHANES I1I suggest the possibility that
improvements in medical care, particu-
larly for cardiovascular disease, the lead-
ing cause of death among the obese, and
its risk factors may have led to a de-
creased association of obesity with total
mortality. Cardiovascular risk factors
have declined at all BMI levels in the
US population, but, except for diabe-
tes, the decline appears to be greater at
higher BMI levels.** These findings are
consistent with the increases in life ex-
pectancy in the United States and with
the declining mortality rates from is-
chemic heart disease. Life expectancy
increased from 73.7 years in 1980 to
75.4 years in 1990 to 77.0 years in 2000
and continues to increase.”> Age-
adjusted death rates (per 100 000 popu-
lation) for ischemic heart disease de-
clined from 345.2 in 1980 to 249.6 in
1990 to 186.6 in 2000 and continue to
decline.”

The methods used in our study to es-
timate deaths attributable to obesity
have several strengths. Our method ac-
counts for confounding by all factors
included in the Cox proportional haz-
ards model, as well as for modifica-
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tion by age of the effect of obesity on
mortality. Moreover, the NHANES sur-
veys are nationally representative, and
the heights and weights of cohort mem-
bers were measured, rather than based
on self-reports. Our design-based sur-
vey methods applied to the NHANES
data yielded unbiased population esti-
mates and estimates of SEs.

Our approach for estimating the
number of deaths attributable to obe-
sity has important limitations, how-
ever. Like earlier estimates, our esti-
mates are based on assumptions that
may not hold in practice. The key as-
sumption is that relative risks calcu-
lated from past cohorts apply to the cur-
rent population. The measured values
of weight and height in NHANES I, II,
and IIT are more accurate than the self-
reported values in some other studies.
Nonetheless, our covariate data are sub-
ject to measurement error and faulty
reporting. Because of errors in con-
founder measurements, our estimates
of relative risks for BMI categories may
be subject to residual confounding. As
in most studies, our data on smoking
were based on self-reports and may be
subject to error, especially in NHANES
I in which much of the smoking data
were gathered retrospectively.?® Se-
rum cotinine data from NHANES III,
however, showed that misclassifica-
tion by self-reported smoking status was
low in that survey.?” Bias may also re-
sult from failure to control for un-
known confounders that are associ-
ated with body weight and mortality.

We used the current federal defini-
tions of overweight and obesity, which
are based only on BMI, not on body
composition. Our estimates give num-
bers of excess deaths associated with
different levels of body weight, but the
associations are not necessarily causal.
Even if body weights were reduced to
the reference level, risks might not re-
turn to the level of the reference cat-
egory. Other factors associated with
body weight, such as physical activity,
body composition, visceral adiposity,
physical fitness, or dietary intake, might
be responsible for some or all of the ap-
parent associations of weight with mor-

1866 JAMA, April 20, 2005—Vol 293, No. 15 (Reprinted)

tality. Additional investigation of the ef-
fects of body composition and visceral
adiposity on mortality would be of
interest.

The attributable fraction is a nonlin-
ear function of relative risk and changes
rapidly at low levels of relative risk. For
example, in a hypothetical population
in which the prevalence of obesity (BMI
=30) was 30% and there were 2 mil-
lion deaths per year, the attributable
fraction for unadjusted relative risks
of 1.2, 1.4, or 1.6 would translate into
113 000, 214 000, or 305 000 deaths per
year, a difference of about 100000
deaths for a slight change in relative
risk.

Obesity is associated with a mod-
estly increased relative risk of mortal-
ity, often in the range of 1 to 2. In this
range, estimates of attributable frac-
tions, and thus numbers of deaths, are
very sensitive to minor changes in rela-
tive risk estimates.> Thus, results are af-
fected by the precision and bias in rela-
tive risk estimates. Additional precision
might be gained from larger cohort
studies, but bias because of nonrepre-
sentative samples and the use of self-
reported weight and height could lead
to less accurate estimates. Because our
goal is to estimate deaths associated
with obesity in the US population,
rather than in a subgroup, nationally
representative data are preferable as a
source of relative risk estimates appro-
priate for the whole population.’

Some have argued that it takes 15
years or more for obesity to have its full
impact on cardiovascular mortality.?®
We did not examine cardiovascular
mortality specifically. However, the
relative risks for total mortality in
weight-stable individuals in the latter
part of the NHANES I follow-up were
similar to relative risks in the earlier fol-
low-up period. There is some ques-
tion as to the optimal length of follow-
up: the longer the follow-up, the longer
the interval between the event and the
BMI measurement and the higher the
probability of misclassification.” Across
the 6 cohorts used by Allison et al,
there was no relation between the
length of follow-up in a cohort and the

relative risks in that cohort. Thus, this
issue requires further study.

Neither analyses of weight-stable par-
ticipants nor analyses excluding early
mortality suggest that illness-induced
weight loss had an important impact on
estimates of excess deaths. Estimates of
relative risks for BMI categories were
little changed by such exclusions, and,
in particular, there was little change in
the relative risk associated with the un-
derweight and overweight categories.
More studies are needed to explore the
possible impact of baseline health sta-
tus and other possible confounders.

In our analysis, we did not find over-
weight (BMI 25 to <30) to be associ-
ated with increased mortality in any of
the 3 surveys. Our results are similar
to those of a previous analysis of
NHANES I and II data that found little
effect of overweight on life expec-
tancy.® Our finding is consistent with
other results reported in the litera-
ture, although methodologic differ-
ences often preclude exact compari-
sons. In many studies, a plot of the
relative risk of mortality against BMI fol-
lows a U-shaped curve, with the mini-
mum mortality close to a BMI of 25;
mortality increases both as BMI in-
creases above 25 and as BMI decreases
below 25,°! which may explain why
risks in the overweight category are not
much different from those in the nor-
mal weight category. Some studies have
found that overweight was associated
with a slightly increased risk of total
mortality compared with the normal
weight category.>*>* Other studies have
suggested that overweight (BMI 25 to
<30) is associated with no excess
mortality, particularly in older age
groups.>? Further investigation of the
effects of overweight on mortality, par-
ticularly in the elderly, and of the pos-
sible role of confounding would be of
interest.

We did not examine other health
problems caused by obesity. A recent
population-based study has found that
overweight and obesity have a strong and
deleterious impact on important com-
ponents of health status, including mor-
bidity, disability, and quality of life, and
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this impact is disproportionately borne
by younger adults.” Nor did we exam-
ine cause-specific mortality. Over-
weight and obesity may be more strongly
associated with cardiovascular mortal-
ity than with total mortality.*

The differences between NHANES 1
and the later surveys suggest that the
association of obesity with total mor-
tality may have decreased over time,
perhaps because of improvements in
public health or medical care for
obesity-related conditions. However,
such speculation should be tempered

EXCESS DEATHS ASSOCIATED WITH WEIGHT

by the awareness that these differences
between surveys may simply represent
chance variation and that small differ-
ences in relative risk translate into
large differences in the numbers of
deaths.

Author Contributions: Dr Flegal had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data
analysis.

Study concept and design: Flegal, Williamson.
Acquisition of data: Flegal, Graubard.

Analysis and interpretation of data: Flegal, Graubard,
Williamson, Gail.

Drafting of the manuscript: Flegal, Graubard,
Williamson, Gail.

Critical revision of the manuscript for important in-
tellectual content: Flegal, Graubard, Williamson, Gail.
Statistical analysis: Graubard, Gail.

Financial Disclosures: None reported.
Funding/Support: Partial salary suport for Dr Flegal
was provided by the US Army Research Institute of
Environmental Medicine.

Role of the Sponsor: All data used in this study were
collected by the National Center for Health Statistics,
Centers for Disease Control and Prevention. The
Centers for Disease Control and Prevention and the
National Cancer Institute reviewed and approved
this report before submission. The US Army Research
Institute of Environmental Medicine had no role in
this study.

Acknowledgment: We acknowledge Christine S. Cox,
MA, for her assistance with the NHANES Il mortality
data and Cheryl Fryar, MSPH, for her capable pro-
gramming assistance.

REFERENCES

1. Flegal KM, Carroll MD, Ogden CL, Johnson CL.
Prevalence and trends in obesity among US adults,
1999-2000. JAMA. 2002;288:1723-1727.

2. Hedley AA, Ogden CL, Johnson CL, Carroll MD,
Curtin LR, Flegal KM. Prevalence of overweight and
obesity among US children, adolescents, and adults,
1999-2002. JAMA. 2004;291:2847-2850.

3. Flegal KM, Williamson DF, Pamuk ER, Rosenberg
HM. Estimating deaths attributable to obesity in
the United States. Am J Public Health. 2004;94:
1486-1489.

4. Flegal KM, Graubard BI, Williamson DF. Methods
of calculating deaths attributable to obesity. Am J
Epidemiol. 2004;160:331-338.

5. Allison DB, Fontaine KR, Manson JE, Stevens J, Vanl-
tallie TB. Annual deaths attributable to obesity in the
United States. JAMA. 1999;282:1530-1538.

6. Banegas JR, Lopez-Garcia E, Gutierrez-Fisac JL, Gual-
lar-Castillon P, Rodriguez-Artalejo F. A simple esti-
mate of mortality attributable to excess weight in the
European Union. Eur J Clin Nutr. 2003;57:201-208.
7. Mokdad AH, Marks JS, Stroup DF, Gerberding JL.
Actual causes of death in the United States, 2000 [pub-
lished correction appears in JAMA. 2005;293:298].
JAMA. 2004;291:1238-1245.

8. Benichou J. A review of adjusted estimators of at-
tributable risk. Stat Methods Med Res. 2001;10:195-216.
9. Rockhill B, Newman B, Weinberg C. Use and mis-
use of population attributable fractions. Am J Public
Health. 1998;88:15-19.

10. Sturgeon SR, Schairer C, Gail M, McAdams M,
Brinton LA, Hoover RN. Geographic variation in
mortality from breast cancer among white women
in the United States. J Natl/ Cancer Inst. 1995,87:
1846-1853.

11. Gail MH, Brinton LA, Byar DP, et al. Projecting
individualized probabilities of developing breast can-
cer for white females who are being examined annually.
J Natl Cancer Inst. 1989;81:1879-1886.

12. Miller HW. Plan and operation of the Health
and Nutrition Examination Survey: United States,
1971-1973. Vital Health Stat 1. 1973;1:1-46.

13. Engel A, Murphy RS, Maurer K, Collins E. Plan and
operation of the HANES | augmentation survey of
adults 25-74 years United States, 1974-1975. Vital
Health Stat 1. 1978;14:1-110.

14. McDowell A, Engel A, Massey JT, Maurer K. Plan
and operation of the Second National Health and Nu-
trition Examination Survey, 1976-1980. Vital Health
Stat 1. 1981;series 1(15):1-144.

15. Plan and operation of the Third National Health and
Nutrition Examination Survey, 1988-94: series 1: pro-

©2005 American Medical Association. All rights reserved.

grams and collection procedures. Vital Health Stat 1.
1994;32:1-407.

16. Cohen BB, Barbano HE, Cox CS, et al. Plan and
operation of the NHANES | Epidemiologic Follow-up
Study: 1982-84. Vital Health Stat 1. 1987;22:1-142.
17. Cox CS, Mussolino ME, Rothwell ST, et al. Plan
and operation of the NHANES | Epidemiologic Fol-
lowup Study, 1992. Vital Health Stat 1. 1997;35:1-231.
18. Loria CM, Sempos CT, Vuong C. Plan and op-
eration of the NHANES Il Mortality Study, 1992. Vi-
tal Health Stat 1. 1999;38:1-16.

19. Korn EL, Graubard BI, Midthune D. Time-to-event
analysis of longitudinal follow-up of a survey: choice of
the time-scale. Am J Epidemiol. 1997;145:72-80.

20. NHLBI Panel on the Identification, Evaluation and
Treatment of Overweight and Obesity in Adults. Obes
Res. 1998;6(suppl 2):51S. Available at: http://www
.nhlbi.nih.gov/guidelines/obesity/ob_home.htm. Ac-
cessed February 14, 2005.

21. Minino AM, Arias E, Kochanek KD, Murphy SL,
Smith BL. Deaths: final data for 2000. Nat/ Vital Stat
Rep. 2002;50:1-119.

22. Shah BV. Discussion of the paper on “Lineariza-
tion variance estimators for survey data.” Surv
Methodol. 2004,30:31.

23. Korn EL, Graubard Bl. Analysis of Health Surveys.
New York, NY: Wiley; 1999.

24. Gregg EW, Cheng YJ, Cadwell BL, et al. Secular
trends in cardiovascular disease risk factors accord-
ing to body mass index in US adults. JAMA. 2005;293:
1868-1874.

25. National Center for Health Statistics. Health,
United States, 2004 With Chartbook on Trends in the
Health of Americans. Hyattsville, Md: National Cen-
ter for Health Statistics; 2004. Available at: http://www
.cdc.gov/nchs/data/hus/hus04.pdf. Accessed Febru-
ary 20, 2005.

26. Machlin SR, Kleinman JC, Madans JH. Validity of
mortality analysis based on retrospective smoking
information. Stat Med. 1989;8:997-1009.

27. Caraballo RS, Giovino GA, Pechacek TF, Mow-
ery PD. Factors associated with discrepancies be-
tween self-reports on cigarette smoking and mea-
sured serum cotinine levels among persons aged 17
years or older: Third National Health and Nutrition Ex-
amination Survey, 1988-1994. Am J Epidemiol. 2001;
153:807-814.

28. Dyer AR, Stamler J, Garside DB, Greenland P. Long-
term consequences of body mass index for cardio-
vascular mortality: the Chicago Heart Association De-
tection Project in Industry study. Ann Epidemiol. 2004;
14:101-108.

29. Willett WC, Dietz WH, Colditz GA. Guidelines for
healthy weight. N Engl J Med. 1999;341:427-434.
30. Fontaine KR, Redden DT, Wang C, Westfall AO,
Allison DB. Years of life lost due to obesity. JAMA.
2003;289:187-193.

31. Troiano RP, Frongillo EA Jr, Sobal J, Levitsky DA.
The relationship between body weight and mortal-
ity: a quantitative analysis of combined information
from existing studies. Int J Obes Relat Metab Disord.
1996;20:63-75.

32. Ajani UA, Lotufo PA, Gaziano JM, et al. Body mass
index and mortality among US male physicians. Ann
Epidemiol. 2004;14:731-739.

33. Katzmarzyk PT, Craig CL, Bouchard C. Under-
weight, overweight and obesity: relationships with mor-
tality in the 13-year follow-up of the Canada Fitness
Survey. J Clin Epidemiol. 2001;54:916-920.

34. Meyer HE, Sogaard AJ, Tverdal A, Selmer RM. Body
mass index and mortality: the influence of physical ac-
tivity and smoking. Med Sci Sports Exerc. 2002;34:
1065-1070.

35. Farrell SW, Braun L, Barlow CE, Cheng YJ, Blair
SN. The relation of body mass index, cardiorespira-
tory fitness, and all-cause mortality in women. Obes
Res. 2002;10:417-423.

36. Haapanen-Niemi N, Miilunpalo S, Pasanen M,
Vuori I, Oja P, Malmberg J. Body mass index, physi-
cal inactivity and low level of physical fitness as de-
terminants of all-cause and cardiovascular disease mor-
tality: 16y follow-up of middle-aged and elderly men
and women. Int J Obes Relat Metab Disord. 2000;24:
1465-1474.

37. Strawbridge WJ, Wallhagen MI, Shema SJ. New
NHLBI clinical guidelines for obesity and overweight:
will they promote health? Am J Public Health. 2000;
90:340-343.

38. Heiat A, Vaccarino V, Krumholz HM. An evidence-
based assessment of federal guidelines for over-
weight and obesity as they apply to elderly persons.
Arch Intern Med. 2001;161:1194-1203.

39. McGee DL; Diverse Populations Collaboration.
Body mass index and mortality: a meta-analysis based
on person-level data from twenty-six observational
studies. Ann Epidemiol. 2005;15:87-97.

40. Visscher TL, Rissanen A, Seidell JC, et al. Obesity
and unhealthy life-years in adult Finns: an empirical
approach. Arch Intern Med. 2004;164:1413-1420.
41. Dorn JM, Schisterman EF, Winkelstein W Jr,
Trevisan M. Body mass index and mortality in a
general population sample of men and women: the
Buffalo Health Study. Am J Epidemiol. 1997;146:
919-931.

(Reprinted) JAMA, April 20, 2005—Vol 293, No. 15 1867

Downloaded from www.jama.com at National Institute of Hith, on April 22, 2005


http://www.jama.com

